Evaluation of Diamond Dressing Effect on Workpiece Surface Roughness by Way of Analysis of Variance by Holesovsky, MN et al.
 Holesovsky, MN, Pan, B, Morgan, MN and Czan, A
 Evaluation of Diamond Dressing Effect on Workpiece Surface Roughness by 
Way of Analysis of Variance
http://researchonline.ljmu.ac.uk/9428/
Article
LJMU has developed LJMU Research Online for users to access the research output of the 
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by 
the individual authors and/or other copyright owners. Users may download and/or print one copy of 
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research. 
You may not engage in further distribution of the material or use it for any profit-making activities or 
any commercial gain.
The version presented here may differ from the published version or from the version of the record. 
Please see the repository URL above for details on accessing the published version and note that 
access may require a subscription. 
For more information please contact researchonline@ljmu.ac.uk
http://researchonline.ljmu.ac.uk/
Citation (please note it is advisable to refer to the publisher’s version if you 
intend to cite from this work) 
Holesovsky, MN, Pan, B, Morgan, MN and Czan, A (2018) Evaluation of 
Diamond Dressing Effect on Workpiece Surface Roughness by Way of 
Analysis of Variance. Tehnicki Vjesnik, 25 (1). pp. 165-169. ISSN 1330-3651 
LJMU Research Online
Tehnički vjesnik 25, Suppl. 1(2018), 165-169                                                                                                                                                                                                   165 
ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)                                                                                                                        https://doi.org/10.17559/TV-20160411122230 
Preliminary communication   
 
Evaluation of Diamond Dressing Effect on Workpiece Surface Roughness by Way of 
Analysis of Variance 
 
Frantisek HOLESOVSKY, Bingsuo PAN, Michael N. MORGAN, Andrej CZAN 
 
Abstract: Wheel dressing is an important action in the grinding process. This paper reports on the comparative study of the performance of two types of diamond dresser 
tool measured in terms of ground surface roughness. For experiments were used two types of dressers, single point and multi-point diamond dresser. In addition to the 
dresser tool, the wheel dressing speed and dressing depth were taken into account as dressing variables. Cutting conditions were a constant; the results of dressing were 
observed for bearing steel 100Cr6. The experimental study was designed using an orthogonal array and experimental data were processed by the analysis-of-variance 
method (ANOVA). The results show that with a 95% confidence, dressing with a multi-point diamond tool results in a smoother ground surface than with a single point 
diamond tool. As expected, wheel dressing speed and dressing depth also have significant effects on surface roughness. However, wheel dressing speed is much more 
influential than dressing depth. 
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1 INTRODUCTION 
 
In grinding, the grinding wheel has to be dressed 
periodically to restore wheel form and cutting efficiency 
[1, 7]. In diamond dressing, a number of parameters govern 
the process, including dressing depth, dressing 
lead/traverse rate, the type of dresser used and number of 
dressing passes [2, 3]. Owing to the significant effects of 
dressing conditions on the shape and distribution of 
abrasive grits, which directly affect grinding quality [4, 6, 
8], grinding wheel wear, grinding force and grinding 
efficiency [9, 11, 13] the importance of proper dressing of 
grinding wheels on precision machining cannot be 
emphasized too strongly.   
This article describes an investigation into the 
performance of a single point diamond dresser and of a 
multi-point diamond dresser in cylindrical grinding of 
bearing steel [12]. Grinding wheel speed for dressing (vs) 
and dressing depth (ad) were also studied as independent 
variables. In grinding, which is commonly used as a 
finishing process, the quality of the generated surfaces is 
mainly evaluated by its roughness [4, 6, 10], thus the 
ground surface roughness was selected as the dependent 
variable. By means of analysis-of-variance (ANOVA) the 
performance of the two diamond dresser tools was 
compared with regard to ground surface roughness [5]. The 
percent contributions of grinding wheel speed and dressing 
depth to the total variation of surface roughness were 
evaluated in order to determine the significance of these 
two parameters for surface roughness. 
 
Table 1 Design of dressing experiment and experimental data 
Test No. vs, m/s ad, mm dresser Ra, μm Rz, μm Rmax, μm Rt, μm 
1 10 0.02 
SP 
0.849 5.38 6.75 6.88 
2 10 0.04 0.770 5.32 8.06 8.39 
3 10 0.08 0.929 6.14 7.99 8.37 
4 20 0.02 0.625 4.27 5.35 5.48 
5 20 0.04 0.562 4.02 4.79 5.20 
6 20 0.08 0.850 5.30 6.41 6.70 
7 30 0.02 0.385 2.98 3.59 3.76 
8 30 0.04 0.370 2.90 3.53 3.67 
9 30 0.08 0.538 3.93 4.70 4.85 
10 10 0.02 
MP 
0.613 4.41 5.12 5.42 
11 10 0.04 0.676 4.64 5.59 6.00 
12 10 0.08 0.771 5.04 6.60 6.87 
13 20 0.02 0.354 2.64 3.16 3.28 
14 20 0.04 0.529 3.70 4.26 4.42 
15 20 0.08 0.589 4.13 5.06 5.29 
16 30 0.02 0.309 2.43 2.85 3.01 
17 30 0.04 0.326 2.56 2.96 3.12 
18 30 0.08 0.552 3.75 4.40 4.66 
 
2 EXPERIMENTAL STUDY 
 
Three dressing parameters, namely grinding wheel 
speed for dressing (vs), dressing depth (ad) and type of 
dresser were chosen as the variables. Grinding wheel speed 
was set at the three levels: 10 m/s, 20 m/s and 30 m/s; 
dressing depth was set at the three levels: 0.02 mm, 0.04 
mm and 0.08 mm. Two types of dressers were tested, single 
point diamond dresser (SP) and multi-point diamond 
dresser (MP). During dressing, the transverse rate of 
dresser was maintained at 1.0 mm/s and the dresser was 
cooled with cutting fluid at flow rate of approximately 10 
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l/min (cutting emulsion Robol 5% – produce company 
Triga). The design of experiment methodology is detailed 
in Tab. 1, together with the recorded data. 
Tests listed in Tab. 1 were conducted in a random 
order. In every dressing test, the wheel was firstly dressed 
with a constant dressing depth of 0.08 mm for one pass, 
and then dressed with the set dressing depth to enable study 
of the subsequent pass. For each dressing test, four 
cylindrical surface grinding tests were undertaken 
successively. All grinding tests were completed on a 
cylindrical grinding machine (TOS BU 16). A SG grinding 
wheel (∅300×32 mm), cutting fluid and a bearing steel 
workpiece (∅85×20.55 mm) of hardness of 62 HRc were 
employed. Grinding parameters were: grinding wheel 
speed = 30 m/s, workpiece speed = 20 m/min, in feed speed 
= 0.26 mm/min. To determine the resulting roughness, for 
every grinding test three measurements were taken at three 
different sections across the thickness of the workpiece 
with a Hommel Tester T1000 profilometer, produced by 
Hommelwerke GmbH. Hence each roughness value 
presented in Tab. 1 is the average of twelve measured 
roughness values. In each measurement, four surface 
parameters, Ra, Rz, Rmax, Rt, were recorded. The scan 
distance was set at 4.8 mm and single sampling length at 
0.8 mm, as shown in Fig. 1.
  
 
Figure 1 Profile of roughness (with single diamond dresser at vs = 20 m/s, ad = 0.04 mm) 
 
3 EXPERIMENTAL RESULTS 
 
The experimental data in Tab. 1 were processed to 
obtain the relationship between ground surface roughness 
and dressing parameters. This relationship is presented 
graphically in Figs. 2, 3 and 4. 
Fig. 2 compares the effect of single point diamond 
dressing on surface roughness with that of multi-point 
diamond dressing. In terms of all four measured surface 
parameters, the multi-point diamond dressing decreased 
their values by approximately 20% respectively, with those 
obtained in single point diamond dressing as a baseline. It 
indicates that multi-point diamond dressing can result in a 
smoother surface than single point diamond dressing.
 
 
Figure 2 Comparison of effect of single point dressing on roughness with multi-point dressing 
 
                                                     (a) in single point diamond dressing                                                                   (b) in multi-point diamond dressing 
Figure 3 Effect of wheel speed on surface roughness (Ad = 0,04 mm) 
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4 STATISTICAL ANALYSIS OF RESULTS 
4.1 Effect of Dresser Type  
 
The effect of diamond dresser type was evaluated by 
Multivariate Analysis of Variance (MANOVA), for which 
data is shown in Tab. 2 and Tab. 3. This analysis was used 
to test the equality of the mean roughness values resulting 
from single point diamond dressing to those resulting from 
multi-point diamond dressing. In the MANOVA table, the 
F-test p-values for dresser, which are rather small, provide 
significant evidence that the average ground surface 
roughness for one type of dressing is different to the other 
when alpha is 0.05. Given their averages (Ra = 0.524 µm, 
Rt = 4.67 µm for multi-point dresser and Ra = 0.653 µm, 
Rt = 5.92 µm for single point dresser). A further conclusion 
can be drawn with 95% confidence level that by using a 
multi-point diamond dresser smoother surface can be 
produced. The MANOVA results for Rz and Rmax were 
similar to those of Rt. 
The p-values for the interaction terms, dresser∗vs and 
dresser∗ad, indicate that the strength of the effect of dresser 
type is dependent also on grinding wheel speed and 
dressing depth. To get an objective view of the impact of 
the dressing, it will affect the speed of the disc and the 
depth of dressing observed on two different types of 
dresser. However, the interaction between grinding wheel 
speed and dressing depth cannot be confirmed, owing to 
the large p-values.  
Multivariate analysis of experimental data variance 
obtained in single point diamond dressing was shown in 
Tab. 4. According to the F-test p-values, it can be 
determined that both vs and ad are statistically significant 
for Ra at confidence level alpha = 0.05. Based on variance 
components estimates, 76.67% of the total variation in Ra 
was due to the differences between vs levels, while 18.82% 
resulted from the differences between ad levels. For Rt, vs 
is still a more significant factor, contributing a dominating 
percent, 83.40%, to its variation. It is reasonable to 
conclude that in single point diamond dressing and for the 
conditions studied, grinding wheel speed has a much 
stronger influence on Ra than dressing depth and Rt is 
strongly influenced by grinding wheel speed. 
 
Table 2 MANOVA table for Ra versus type of dresser, vs and ad 
 
Table 3 MANOVA table for Rt versus type of dresser, vs and ad 
Source DF SS MS F Ratio P 
dresser 
vs 
ad 
dresser∗vs 
dresser∗ad 
Vs∗ad 
Error 
Total 
1 
2 
2 
2 
2 
4 
4 
17 
7.0063 
30.1457 
6.8607 
1.3462 
0.1431 
0.7110 
0.7201 
46.9331 
7.0063 
15.0729 
3.4304 
0.6731 
0.0716 
0.1777 
0.1800 
 
38.92 
83.73 
19.06 
3.74 
0.40 
0.99 
 
 
0.003 
0.001 
0.009 
0.121 
0.696 
0.505 
 
 
 
    
                                               (a) in single point diamond dressing                                                                                 (b) in multi-point diamond dressing 
Figure 4 Effect of dressing depth on surface roughness (vs =30 m/s) 
 
Tab. 5 is the ANOVA data for Ra and Rt obtained for 
multi-point diamond dressing. As the p-values for vs are 
rather small, there is significant evidence for vs main 
effects on Ra and Rt at alpha = 0.05 level. It contributed 
59.90% and 66.27% to the total variation of Ra and of Rt, 
respectively. Likewise, the tests also indicate that factor ad 
has a significant effect on surface roughness, by 
contributing 29.71% to the total variation of Ra and 
29.28% to the variation of Rt. Hence ad was approximately 
half as influential as vs. Compared to its effect in single 
diamond dressing, there is evident improvement. 
Therefore, in multi-point diamond dressing, considerable 
attention should be paid to the choice of dressing depth 
while strictly controlling grinding wheel speed in order to 
obtain a desirable dressing result.  
The variation in Error values imply that the 
experimental conditions were well controlled and the 
experimental data are reliable. 
 
 
 
 
Source DF SS MS F Ratio P 
dresser 
vs 
ad 
dresser∗vs 
dresser∗ad 
Vs∗ad 
Error 
Total 
1 
2 
2 
2 
2 
4 
4 
17 
0.07463 
0.37750 
0.12214 
0.02014 
0.01423 
0.00765 
0.01103 
0.62732 
0.07463 
0.18875 
0.06107 
0.01007 
0.00712 
0.00191 
0.00276 
 
27.07 
68.47 
22.15 
3.65 
2.58 
0.69 
 
 
0.006 
0.001 
0.007 
0.125 
0.191 
0.634 
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Table 4 ANOVA result for single point diamond dressing 
Ra versus vs, ad 
Source DF SS MS F Ratio P pct. contribution 
vs 
ad 
Error 
Total 
2 
2 
4 
8 
0.265520 
0.068071 
0.007702 
0.341293 
0.132760 
0.034035 
0.001925 
 
68.95 
17.68 
 
 
0.001 
0.010 
 
 
76.67% 
18.82% 
4.51% 
100% 
Rt versus vs, ad 
Source DF SS MS F Ratio P pct. contribution 
vs 
ad 
Error 
Total 
2 
2 
4 
8 
21.5830 
2.5350 
1.1003 
25.2184 
10.7915 
1.2675 
0.2751 
 
39.23 
4.61 
 
 
0.002 
0.092 
 
 
83.40% 
7.87% 
8.73% 
100% 
    
Table 5 ANOVA result for multi-point diamond dressing 
Ra versus vs, ad 
Source DF SS MS F Ratio P pct. contribution 
vs 
ad 
Error 
Total 
2 
2 
4 
8 
0.132122 
0.068298 
0.010976 
0.211396 
0.066061 
0.034149 
0.002744 
 
24.07 
12.44 
 
 
0.006 
0.019 
 
 
59.90% 
29.71% 
10.39% 
100% 
Rt versus vs, ad 
Source DF SS MS F Ratio P pct. contribution 
vs 
ad 
Error 
Total 
2 
2 
4 
8 
9.9089 
4.4688 
0.3307 
14.7084 
4.95444 
2.23441 
0.08268 
 
59.92 
27.03 
 
 
0.001 
0.005 
 
 
66.27% 
29.28% 
4.45% 
100% 
 
5 APPLICATION IN PRODUCTION 
 
The results were applied in optimizing the grinding  
of pin from steel 100Cr6. To achieve a good surface the 
multilevel feed of grinding wheel was used (Fig. 5). 
Feedrate was changed from 6.7 mm/min to 1.5 mm/min in 
the last step. Due to the use of abrasive grain Cubitron II 
the dressing depth was not changed, but three sizes of 
dressing speed were used in verifying test. For the 
dressing was used multi-point dresser. The peripheral 
speed of the grinding wheel was constant for all measuring 
– 45 m/s. During the optimization also the time of grinding 
was taken into account - time which was based on the 
initial state at the grinding, when the surface roughness Ra 
= 0.39 µm was achieved. 
Fig. 6 shows a high dependence of the surface quality 
on the longitudinal velocity of dresser, can simultaneously 
evaluate the effect of single degrees of feed rate of the tool 
in the working phase. It seems the dressing speed 50 
mm/min is the most appropriate at the gradually 
decreasing feed speed from the value 6.6 to 2.5 mm/min 
(cycle A) - (Fig. 7). With this procedure, we achieve the 
repeated roughness Ra under 0.18 µm. on CNC grinding 
machine. Under graph, we can then track the individual 
average values of surface roughness Ra and Rz. 
 
 
Figure 5 Grinding cycle, 2A - roughing, 2B - cleaning, 2C - finishing 
 
 
Figure 6 Dependence of surface roughness on the longitudinal velocity of 
dresser with various types of grinding cycle 
 
 
Figure 7 The dependence of the parameters of surface roughness and its 
numerical values on the type of cycle and the dressing speed 
 
In said application at the using grinding wheel with  
grains of Cubitron II, this  dependence is in force: 
 
0,47
d0,022 ,  μmRa v= ⋅                                                   (1) 
 
6 CONCLUSION   
 
The conclusions drawn from this study are: 
1) multi-point diamond dressing can result in a smoother 
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ground surface than single point diamond dressing; to 
a certain degree, the effect of dresser type depends 
also on grinding wheel speed and dressing depth;  
2) in single point diamond dressing, grinding wheel 
speed for dressing has a dominant effect on surface 
roughness in terms of Ra and Rt, while dressing depth 
has only limited effect on Ra and no significant effect 
on Rt; 
3) in multi-point diamond dressing, both grinding wheel 
speed for dressing and dressing depth are statistically 
significant to surface roughness. However, grinding 
wheel speed is twice as effective as dressing depth; 
4) the value of surface roughness can be determined  
using the mathematical relations: 
 
for single point dresser –  0,18s1,32 ,  μmRa v−= ⋅           (2) 
for multi-point dresser – 0,21s1,12 ,  μmRa v−= ⋅        (3) 
 
the applicability of the relations has been verified by  
many experiments. 
 
These values may provide the basis for further studies 
with differing abrasive and work material types. 
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